Mangoes in the Brazilian semi-arid stands out in the national scenario due to high yields and fruit quality, and also to the possibility of all-year production taking advantage of the climatic conditions as well as management technique (irrigation, pruning and growth regulators application) for plant growth and blossom control. Paclobutrazol soil drench applied is normally used for production management of mangoes. This research deals with the evaluation of the effect of foliar applied growth regulators to mango, cultivar 'Kent', as regard to their efficiency for blossom management, in order to allow off season mango production. Three growth regulators (prohexadione-Ca, trinexapac-ethyl and chlormequat chloride) were foliar applied, at two dosages and compared to paclobutrazol applied as soil-drench. In order to compare the effects of the treatment, data were recorded related to panicle emission (percentage and length), period of time until blossom and production, yield (number and plant weight) and post-harvest quality of the fruit (total soluble solids, titratable acidity, pH, firmness, flesh and skin color and appearance). The results showed that prohexadione-Ca and chlormequat chloride induced a 15-day early harvest, while paclobutrazol, alone or combined with prohexadione-Ca, allow to harvest 25 days in advance, when compared to trinexapac-ethyl and control trees. Growth regulators foliar applied and paclobutrazol applied as soil-drench delayed mangoes fruit ripening in post-harvest.
INTRODUCTION
The flowering of mango trees can occur during a long period, and its beginning can be naturally or artificially altered, being affected by climatic conditions, previous yield, or by the use of growth regulators. Among them, paclobutrazol resulted effective (Mouco and Albuquerque, 2005) when applied as soil-drench although resulted showed its very persistency in the plant and in the soil (Rademacher et al., 2006) . The foliar application of growth regulators might allow dosage reduction as well as possible presence of residues.
Prohexadione-Ca is another growth retardant that interferes in the last stage of biosynthesis of GA, characterized by a low persistence in the plant, no residues in the fruit and it degraded in the soil in less than 24 hours. As a consequence it is considered safe from the toxicological and eco-toxicological point of view (Rademacher, 2004) .
Trinexapac-ethyl is another growth retardant that has been tested in apple trees by Maxson and Jones (2002) . The authors observed a reduction in the vegetative growth after 10 to 14 days from application, persisting for over 30 days when the concentrations were 1,000 mg L -1 . Chlormequat chloride was more effective than paclobutranzol and uniconazole in increasing yield and fruit size of avocado plants (Penter and Stassen, 1999) .
The aim of the present study is to evaluate the efficacy of foliar application of growth regulators on 'Kent' mangoes, in semi-arid conditions, to minimize the concentration and reduce chemical persistency in tree and soil.
RESULTS AND DISCUSSION
PBZ and the first application of ProCa, TrixE and CCC were done in late January when the temperature reached 36°C (day) and 25°C (night). During growth regulators application (60 days in total), as well as during the following 45 days, until the beginning of the induction with potassium nitrate alternate with two of calcium nitrate (budbreak), the daily temperatures remained above 32°C (day) and 23°C (night), which is considered a favorable condition for the emission of vegetative shoots. However, no vegetative shoot was observed during this period in treated and control plants.
The PBZ and PBZ + ProCa treated plants were the first to flower (120 days from PBZ application). The ProCa (1.5 and 3.0 g) and CCC (1.5 and 3.0 g) treated plants only flowered 15 days after those treated with PBZ, 135 days from the beginning of the experiment. The treatment with TrixE, at all the concentration tested, did not alter the mango flowering date, as compared to control plants. Thus, PBZ treated plants bloomed 25 days in advance while ProCa and CCC bloomed 15 days earlier than control. No differences were observed as regard the tested dosages of ProCa and CCC.
Statistical differences were found only between the treatments with PBZ, alone or combined with ProCa, and the treatments with TrixE (highest dosage, 2.0 g a.i. plant -1 ). Due to the large variation regarding the mango flowering, remarkable differences were observed for TrixE treated plants, which showed lower levels of flowering, slightly over 26 and 9%, as related to 1.0 and 2.0 g a.i. plant -1 concentration respectively; for PBZ treated plants that reached the highest flowering percentages, with over 70% of the marked branches showing panicles. Data were compared with control this number who reached values as lower than 50% (Table 1) .
Especially the plants treated with TrixE at higher dosage (2.0 g a.i. plant -1 ) continued with their branches dormant, with no emission of vegetative or floral shoots. Mango cultivars flower irregularly in tropical environments on low latitude, where there are periods with temperatures above 25°C and high air humidity and soil moisture occur. Under such conditions, the age of the buds at the time of initiation becomes the main fact to determine the bud outcome (Davenport, 2007) .
As to the effect of plant growth regulators on the panicle length, the treatment with the highest dosage of TrixE considerably reduced the panicles (46.4% as compared to control). The PBZ, which tends to compact the panicles when used in high dosages (Mouco and Albuquerque, 2005) , reduced the panicle length of the treated plants (33% as compared to control).
The harvest was carried out in three different periods of time according to fruit ripening: the fruit treated with PBZ and PBZ+ProCa was harvested 250 days after the application of PBZ, 25 days before the control and the trees treated with two doses of TrixE. The trees treated with ProCa and CCC, at both concentrations (1.5 and 3.0 g a.i. plant -1 ) were harvested 10 days in advance as compared to control and TrixE (1.0 and 2.0 g a.i. plant -1 ) treated trees. The statistical analysis of the fruit weight, which easily reaches an average weight of 600-650 g (Pinto et al., 2002) , did not show any significant difference between treatments, although, the ProCa and CCC at concentration higher than 3.0 g a.i. plant -1 , increased the fruit mass of 15.7 and 10.8% respectively, as compared to control (Table 1) . These results confirm those obtained on other species (Petri and Leite, 2005; Greene, 2008) . Low dosages of ProCa, 42 mg L -1 , were more effective in vegetative growth control, whereas higher dosages tend to reduce fruit weight, besides compromising the flowering of the following cycle.
The results presented in Table 1 show that treatments with PBZ promote the highest production per plant, although no statistical differences were observed with ProCa, and with 1.5 g a.i. plant -1 CCC concentration. It also increases the relation of hermaphroditic flowers in mango panicles and inhibits the ethylene synthesis, which results in a greater number of fruits per plant (Singh, 2001 ). According to previous researches carried out on apple (Rademacher et al., 2004 (Rademacher et al., , 2006 Basak and Krzewinska, 2006) , the effect of ProCa in fruit trees, reduced fruit abscission and the remarkable increase in production of apple trees might be related to the reduction in ethylene biosynthesis and to the lower assimilates competition, due to the decrease in number of vegetative branches. As to CCC results, the fewer number of fruits per plant as related to highest dosage application might have contributed to the greater size of the fruits (Table  1 ). The number of fruits TrixE treated did not present statistical differences from control; this plant growth regulator did not anticipate the harvest nor promote an increased yield, but it was efficient in regulating the vegetative growth, pointing out that it is necessary to adjust a lower dosage for the mango crop in semi-arid conditions.
As far as the quality traits are concerned, SS values can vary from 6.65 to 21.9 °Brix, according to the cultivar and the stage of ripening of the fruit (Lederman et al., 1998) . In our trial SS at harvest ranged between 6.00 and 6.75 °Brix, with the exception of the treatment TrixE 2.0 g a.i. plant -1 which was 5.3 °Brix. After 26 days of storage, the fruit of all treatments reached a SS of about 14 °Brix, with the exception of the treatments with PBZ and PBZ + ProCa, confirming results obtained on other species with foliar application (Basak and Krzewiñska, 2006). Another possible explanation might be related to the inhibition of the ethylene synthesis (Singh, 2001 ) by PBZ, which might increase the time after harvest in which the quality requirements of the market are kept in the fruit.
Mango is considered an acid fruit (Lederman et al., 1998) . TA may vary from 1.14 to 0.62% of citric acid in 'Tommy Atkins' mango, although Baez-Sañudo et al. (2001) found much lower values (from 0.5% in the green and 0.15% in fully ripe). In our trial, during the storage, TA was stable until day 15, except for PBZ treatment. From day 20 on, TA started to decrease until the end of the storage time. The different treatments affected TA and caused a quality differentiation among the fruit at the end of the storage. The TA of the 'Kent' mango ranged from 0.83 and 0.91% at harvest for eight of the nine treatments. TrixE at 2.0 g a.i. plant -1 induced the highest acidity content, 0.99%. At the end of storage, the treatments reached contents between 0.25 and 0.30%, except for ProCa 1.5 g a.i. plant -1 (0.44%), and PBZ alone or in combination with ProCa, where the fruit reached values of TA over 0.60%, possibly due the induced ripening delay. The values obtained at harvest and at the end of storage confirme the results obtained by Araiza et al. (2005) .
As far as SS/TA (58.7), the highest value was found for the control treatment. PBZ and PBZ + ProCa treated fruits reached values of 19.75 and 19.20 and those treated with ProCa at 1.5 and 3.0 g a.i. plant -1 ranged from 33.12 and 50.0, respectively. TrixE (1.0 g a.i. plant -1 and 2.0 g a.i. plant -1 ) as well as CCC (1.5 g a.i. plant -1 and 3.0 g a.i. plant -1 ) ranged from 48.0 and 50.0. During ripening mango fruit soften (Baez-Sañudo et al., 2001) ; the TrixE treated fruit at 1.0 g a.i. plant -1 and 2.0 g a.i. plant -1 showed the highest firmness values at harvest, while at the end of storage, the lowest values, 7.62 and 7.68 N, higher only than control fruit (6.01 N).
The minimum firmness value to be considered adequate for the market is 20 N (Baez-Sañudo et al., 2001) although in some trials lower values were reached (Araiza et al. (2005) . During this experiment, TrixE 1.0 g a.i. plant -1 and 2.0 g a.i. plant -1 treated fruits reached the limit value for firmness after 20 days. Thereafter (day 24), only ProCa 1.5 g a.i. plant -1 , PBZ and PBZ + ProCa treated fruits, maintained adequate firmness to comply with the minimum market requirements, and after 26 days only PBZ presented fruit with firmness over 20 N.
Colour is also an important quality parameter in mango. Medlicott et al. (1986) found that temperatures of 37°C inhibit the development of color in 'Tommy Atkins' fruit, but not in 'Kent' and a 'Haden' fruit.
The variations °Hue and the C of the skin were affected during storage by the treatments PBZ alone and PBZ + ProCa, induced lower decrease of o Hue values in the skin, when compared to the other treatments, including control. As to the chromaticity of the skin, it was again PBZ that maintained the same values reached at harvest, while the others induced a continuous increase in the values until the end of storage.
As far as fruit loss during storage the highest values were observed from day 15 to day 19. At the end of the storage time, after 26 days, ProCa treated fruit at 1.5 g a.i. plant -1 showed the lowest loss, although similar statistically to CCC at 1.5 and 3.0 g a.i. plant -1 , PBZ and control. The largest fruit loss was induced by TrixE at the highest dosage (2.0 g a.i. plant -1 ). Appearance of the fruit at the end of the storage was to some extent related to fruit loss: the best fruit were the ones where the lower fruit loss was detected (Fig. 1) .
CONCLUSIONS
Plant growth regulators, prohexadione-Ca and chlormequat chloride, allowed a 15 day early harvest of the cv Kent, while PBZ alone or combined with ProCa, allowed to harvest in 25 days in advance, when compared to the control and to TrixE.
Foliar application of PGRs and PBZ soil drench applied caused ripening delay in post-harvest.
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